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Objective. To ascertain the essential oil phytochemicals of the leaf and to test for the antibacterial and antioxidant properties of
dichloromethane crude extract of Barringtonia asiatica leaf. Methods. ,e phytochemical screening of essential oils, extraction by
hydrodistillation using the Clevenger apparatus, and analysis performed by gas chromatography equipped with a flame ionization
detector (GC-FID). Antibacterial activity and the inhibition rate (mm) were determined using the agar disc method against four
bacterial strains using tetracycline as positive control. ,e antioxidant potential of dichloromethane crude extract was investigated
spectrophotometrically using 1,1-diphenyl-2-picrylhydrazyl. Results. ,e essential oil properties were reasonable with major phy-
tochemicals like uncineol 30.9%, eicosane 27.4%, eicosane 21.6%, and 4-propyl-guaiacol 14.05%. ,e antibacterial activity of the
dichloromethane crude extract showed broad-spectrum activity against Salmonella typhi, Escherichia coli, Staphylococcus aureus, and
Klebsiella pneumoniae with inhibition value ranges between 2.50± 0.10mm and 5.00± 0.06mm. ,e dichloromethane crude extract
exhibited strong antioxidant activities when compared to the standard. Conclusions. ,ese results suggest that the leaves of Bar-
ringtonia asiatica is composed of essential compound as well as antibacterial and antioxidant properties from the crude extract; these
are possible due to the presence of some bioactive compounds in the crude extract. ,e species also showed a reasonable amount of
natural products in the essential oils from the hydrodistillation which can as well be used in the cosmetics and food industries.
1. Introduction
In the last century, a tremendous progress in medicinal
plants research has been observed. In fact, the world is
concerned towards the use of traditional medicine which has
created a great interest towards plant and plant extracts.
Essential oils are among the most interesting components
of the plant extracts consisting mostly of monoterpenoid or
sesquiterpenoids. ,ey are used as therapeutic agents in
ethno, conventional, and complementary alternative medi-
cines particularly as analgesic, anti-inflammatory, antispas-
modic, local anaesthetic, anthelmintic, antipruritic, and
antiseptic as well as many other therapeutic uses and disease
control [1]. Several line of studies have also reported that
essential oils are used broadly in medicine and cosmeceutical
and pharmaceutical industries and as flavouring agents and
preservatives in food industry and design [2, 3].
We also know that bacterial infection is a major cause of
death rate mortality particularly in developing countries. A
good number of synthetic and semisynthetic pathogenic
agents are available today. However, resistance to this mi-
croorganism is rapidly growing [4, 5]. One of the major
concerns is also drug hypersensitivity and immune-
suppression [6, 7]. Because of these negative effects, and
the constant development of bacterial resistance, there is a
great concern and continuous need to develop newer an-
tibacterial agents to avert this menace with less harm side
effect to the patient. Due to these reasons, medicinal plants
are needed for this control [8], as they are cheaper [9].
In addition, it is scientifically accepted that natural
antioxidants exert health-promoting effects, and their
consumption as food or as food additives cannot be
underestimated. ,us, medicinal plants contain free-radical
scavenging molecules such as phenols, anthocyanin’s tannins,
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alkaloids, and saponins which act against infecting bacteria
[10, 11].
Barringtonia asiatica is a species of Barringtonia, native
to mangrove habitats on the tropical area; it is a common
plant in the Malaysian mangroves and wetlands such as the
Kuching wetlands in Sarawak, Bako National Park, and
Meranek river in Kota Samarahan. It is also found in tropical
Africa, Nigeria, and Madagascar. ,e plant has large
pinkish-white pompon flowers which give off a sickly sweet
smell to attract bats and moths which pollinate the flowers at
night; it is also known as box fruit plant due to the distinct
box shape of the fruit. ,e plant is a medium-sized tree
growing to 7–25m tall [12, 13]. ,e hexane leaf extract was
reported by Isaac et al. [14] to possess antimicrobial
properties. ,us, this study evaluated the phytochemical
composition of the essential oils from hydrodistillation and
antibacterial and antioxidant properties of the crude extract
of the leaves. However, with exception of the crude extract,
the extraction and phytochemical screening of essential oils
from the leaves to the best of our knowledge have not been
studied until now.
2. Materials and Methods
2.1. Reagents and Chemicals. All chemicals used in this
investigation were of analytical grade and were obtained
from Sigma Chemical Co., St Louis, USA. ,e standard
antibacterial agent (30 μg) tetracycline, antimicrobial sus-
ceptibility discs, and nutrient agar (CM0003) were obtained
from Oxoid Ltd, Wade Road, Basingstoke, Hants, RG24
8PW, UK.
2.2. SampleCollections. ,e leaf of Barringtonia asiatica was
used in this study. ,e plant was collected in Kampong
SarawakMalaysia at Meranek river bank in Kota Samarahan,
Sarawak. Identification of the species was made by Prof. Dr.
Fasihuddin Bin Badruddin Ahmad and Prof. Dr. Zaini B.
Assim.
2.3. Extraction of Essential Oils. ,e fresh plant-part samples
of the leaves of Barringtonia asiatica were subjected to water
distillation for 8 hours using the Clevenger apparatus to ex-
tract the oils quantitatively, according to the method de-
scribed by Jusoh et al. [15] and Fasihuddin and Ibrahim [16].
Approximately 100 g of freshly cut and grounded samples of
Barringtonia asiatica leaves was weighed, transferred into a 2-
litre round flask, and then mixed with 1.35 litres of distilled
water. ,e flask was assembled to the Clevenger trap, which
was connected to the condenser, and then heated. Heat was
applied to the sample for 8 hours using hydrodistillation
process. After 8 hours, the collected oil in the Clevenger was
allowed to cool at 28°C room temperature.,e water which is
at the bottom of the oil was first drained to separate from the
oil. ,e oily sample was treated with anhydrous sodium
sulphate (Na2SO4) to remove the remaining trace water [17].
,e experiment was performed in triplicates for each sample,
and the yield was averaged over triplicates. ,e essential oil
which was obtained was kept in a vial and then stored in
a refrigerator at 4°C prior to further analysis. ,e percentage
yield of the oil was as reported by Costa et al. [18] using the
following formula:
percentage yield �
weight of the extracted oil(g)
dry weight of the sample(g)
× 100.
(1)
2.4. Preparation of Samples for Crude Extract Analysis.
Fresh leaves of the plant Barringtonia asiatica were washed
with distilled water to remove the soil and dust particles;
they were thoroughly air-dried and powdered using a lab-
oratory grinder machine (FGR-350, Quest Scientific). For
extraction using dichloromethane (CH2CL2), 150 g of the
powdered samples was placed into an Erlenmeyer flask and
dichloromethane (CH2CL2), three times the weight of the
extracts, was added; the solution was covered and shaken at
an interval of an hour and then allowed to stand at room
temperature for 7 days. Both extracts were combined and
concentrated with a rotary evaporator (Heidolph Laborota
4000 efficient) under reduced pressure to obtain dichloro-
methane extracts.
2.5. GC-FID Analysis of Essential Oils. ,e sample of the
essential oils was characterized by chromatography methods.
,e essential oils were first analysed on a gas chromatograph
equipped with a flame ionization detector (FID) as reported
by Costa et al. [18]. GC-FID of the oil sample was performed
on a PerkinElmer gas chromatography model Clarus 680
equipped with a HP-5 fused capillary column (5% phenyl-
methylpolysiloxane stationary phase) with 30m length,
0.25 μmof film thickness, and 0.25mm internal diameter.,e
temperature for the injector and detector was programmed at
260°C and 280°C, respectively. ,e GC oven temperature was
programmed from 60°C for 4 hours and 42minutes, after
which it was increased at the rate of 5°C per minute to 300°C
and held at the final temperature for 5 minutes. Prior to
injection, 1.0μL of the essential oil sample was diluted with
199 μL of dichloromethane. ,e prepared oil sample of ex-
actly 1 μL was injected using a microsyringe into the GC
column. Helium gas was used as carrier gas with a flow rate of
1mL/minute for this reading.
,e chemical constituents of the oil sample were
identified based on their Kovat’s indices (KI), by comparing
their mass spectra and those of the standard. ,e standard
used was n-alkanes which consist of C9 to C33 [19]. Kovat’s
indices were calculated using the following equation, and the
compound was identified using Flavornet (http://www.
flavornet.com):
Kovat’s indices � 100 tRi − tRn · LR(n+1) − tRn · · · + n􏽨 􏽩.
(2)
2.6. DPPH (2,2-Diphenyl-1-picrylhydrazyl) Free-Radical
Scavenging Assay from the Crude Extract. ,e free-radical
scavenging assay of compound 2,2-diphenyl-1-picrylhydrazyl
(DPPH) was used to evaluate the antioxidant properties of the
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crude extract. ,e measurement was based on the method
described in [20]. ,e sample was prepared by diluting 6mg
of crude extract into 6mL of methanol, producing a con-
centration of 1000μg/mL.,e stock solution was sonicated to
ensure the homogeneity of the sample. Five other concen-
trations were prepared at 10, 50, 100, 500, and 1000 μg/mL,
diluted from the 1000 μg/mL stock solution. Sample of
5000 μg/mL was prepared separately by diluting 25mg of
crude extract into 5mL of methanol. Approximately, 3mL of
0.1mM solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH) in
methanol was each added into six series of prepared con-
centrations (10, 50, 100, 500, 1000, and 5000μg/mL) of sample
solutions (1mL). Analysis was done in triplicate. ,e solution
was mixed vigorously and left to stand at room temperature
for 30 minutes in the dark after which its absorbance was
measured spectrophotometrically at 517 nm using Jasco ul-
traviolet spectrophotometermodel V-630.Methanol was used
as blank (only methanol) and negative control (1mL meth-
anol mixed with 3mLDPPH), while ascorbic acid (vitamin C)
was used as the standard. ,e concentration of the sample
required to inhibit 50% of the DPPH free radical was cal-
culated as IC50, and the value was determined using the log
dose inhibition curve which was performed by using PRISM
version 3.02 software, based on the calculated values of the
DPPH scavenging activity (%) of the sample [21]. DPPH
scavenging activity (%) was calculated with formula A0-A1/
A0×100, where A0 was the absorbance of the control, while
A1 was the absorbance in presence of the sample.
2.7. Preparation of Test Samples. ,e crude extracts with
dichloromethane were prepared and tested by the disc
diffusion method on a nutrient agar medium as described in
[22]. 5 mg of dichloromethane extracts each was dissolved in
5 ml of methanol to prepare the stock solution. From the
stock solution, lower concentrations of 25, 50, 100, 250, 500,
and 1000 ppm were prepared for the study.
2.8. Preparation of Bacterial Broth. ,e selected bacteria
were used to evaluate the antibacterial activity of the crude
extracts of Barringtonia asiatica, Salmonella typhi, Escher-
ichia coli, Staphylococcus aureus, and Klebsielia pneumoniae
were obtained from the stock culture provided by Virology
Laboratory, Universiti Malaysia Sarawak.,e nutrient broth
was prepared according to the manufacturer’s instruction,
with 2.6 g of the dried broth dissolved in 200mL distilled
water followed by sterilization in an autoclave at 121°C. ,e
bacteria was subcultured in 10mL of broth, each in universal
glass vail bottle for 16 hours inside an incubator equipped
with a shaker at 37°C [23]. After 16 hours’ incubation,
turbidity (optical density/OD) of the bacterial broth was
measured by using UVminispectrophotometer (model 1240
of Shimadzu brand), which is comparable to that of the
nutrient broth standard tube for further use [24]. ,e
measurement of the optical density was performed at
wavelength 575 nm, and the bacterial broth was ready to be
used when its turbidity was between OD 0.6 to 0.9. Nutrient
broth was used to adjust the turbidity until the desired value
was obtained.
2.9. Plate Inoculation. Inoculation of the bacteria was car-
ried out in a biohazard cabinet, and the procedure was based
on the method described by Ram Kumar and Pranay [25].
Approximately, 1mL of the ready bacterial broth was
transferred into minicentrifuge tubes. A sterile cotton swap
was dipped into the minicentrifuge tube containing bacteria
broth and streaked over entire of the agar plate surface,
performed in 4 different directions. ,e agar plate was then
left for 5–10minutes before applying the test samples. ,e
disc used was 6mm diameter. A volume of 10 μL of the test
samples of concentrations 10, 25, 50, 100, 250, 500, and
1000 μg/mL were each pupated onto the discs and placed
onto the agar plate by using sterile forceps and gently pressed
to ensure contact. Next to be placed on the agar plate was the
disc pupated with methanol as negative control, followed by
30 μg of tetracycline as the standard antibacterial agent
(positive control). ,e plates were left at room temperature
for 10 minutes to allow the diffusion of the test samples and
the standards into the agar. Each crude extract was tested in
triplicate for the bacterium used. ,e plate samples were
then incubated at 37°C for 24 hours before the inhibition
zone around every sample disc being examined. ,e in-
hibition zone was measured in diameter (mm) to indicate
the presence of antibacterial activity for each sample com-
pared to the positive control.
2.10. Statistical Analysis. Statistical analysis for antibacterial
activities was performed using SPSS programme. ,e IC50
for DPPH free-radical scavenging assay was statistically
determined using the log dose inhibition curve in PRISM
programme.
3. Results and Discussion of Essential Oils
3.1. Antibacterial Activity. ,e antibacterial activity of the
Barringtonia asiatica dichloromethane leaf extract is shown
in Table 1.
3.2. Antioxidant Activity. ,e antioxidant activity of the
Barringtonia asiatica dichloromethane leaf extract is shown
in Table 2.
4. Results and Discussion
4.1. Results
4.1.1. Essential Oil. ,e yield of the leaf essential oil of Bar-
ringtonia asiatica was 0.8± 0.13% based on the fresh weight of
the sample. ,e phytochemical profile of the essential oil
components from Meranek river bank in Meranek Kota
Samarahan as presented in Table 3 is composed of fourteen
compounds with three unidentified; ethyl valerate, decane,
ethyl lactate, (Z) 4-decenal, hexyl hexanoate, (−)-c-elemene,
geranyl butyrate, humulene oxide, 4-propyl-guaiacol, unci-
neol, eicosane, tetradecanol, and acetovanillone. ,e main
constituents in the Barringtonia asiatica essential oil were
uncineol 30.9%, eicosane 27.4%, eicosane 21.6%, and 4-propyl-
guaiacol 14.05%.
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4.1.2. Antibacterial Activity. Table 1 shows the result of
the antibacterial activity of the Barringtonia asiatica leaf
extract tested against four bacterial strains that cause menace
to infected patients. ,e MIC results show that the
dichloromethane extract of the plants had a broad-spectrum
activity andwas able to inhibit the growth of the tested bacteria
strains between the ranges of 2.50± 0.10–5.00±
0.06mm. ,e extracts of Barringtonia asiatica displayed
a strong antibacterial activity against Salmonella typhi,
Escherichia coli, Staphylococcus aureus, and Klebsiella pneu-
monia, having inhibition rate values of 3.87± 0.06mm,
4.30± 0.20mm, 4.90± 0.10mm, and 5.00± 0.06mm at
1000 ppm, respectively. It was also observed that the plant
extracts exhibited effective antibacterial activity against all
pathogens with increase in concentration of the crude extracts.
,e Barringtonia asiatica leaf extract was found to be more
active in Staphylococcus aureus andKlebsiella pneumonia in all
concentration ranges throughout the test. ,us, results in-
dicated significant antibacterial activity against all microor-
ganisms. However, none of the extracts concentration of the
plants showed more potency than that of the standard
drugs (tetracycline) with the rate of inhibition of
5.68± 0.59mm.
4.1.3. DPPH Radical Scavenging Activity. In this study, the
effect of dichloromethane leaf extracts of Barringtonia asi-
atica against the DPPH radical scavenging was evaluated as
shown in Table 2. ,e extract showed an appreciable DPPH
scavenging activity compared to the test control. ,e
scavenge 50% of the radical (IC50) values of Barringtonia
asiatica and that of vitamin C were exhibited to be 13.34 μg/
mL and 10.66 μg/mL, respectively.
4.2. Discussion. ,e yield of oil obtained of Barringtonia
asiatica was 0.8%. It was the first time oil is being extracted
from these plant parts. ,e gas chromatography-flame
ionization detection (GC-FID) of the leaf essential oil of
Barringtonia asiatica recorded the presence of 14 compo-
nents. In these studies, the major components of the phy-
tochemicals were uncineol 30.9%, eicosane 27.4%, eicosane
21.6%, and 4-propyl-guaiacol 14.05%.
However, the crude extract of Barringtonia asiatica leaf
from dichloromethane has indicated a significant antibac-
terial effect. During the past decades, it is known that Gram-
negative bacteria are more resistant toward antimicrobial
agents than Gram-positive bacteria, due to the presence of
Table 1: Antibacterial activity of Barringtonia asiatica dichloromethane leaf extract.
Organisms Control
Concentration (ppm)
100 ppm 250 ppm 500 ppm 1000 ppm
25 ppm 50 ppm
Salmonella typhi 5.68± 0.59mm 2.50± 0.10mm 2.90± 0.14mm 2.95± 0.07mm 3.50± 0.10mm 3.67± 0.06 3.87± 0.06a
Escherichia coli 5.68± 0.59mm 3.07± 0.06mm 3.25± 0.07mm 3.33± 0.06mm 3.80± 0.20mm 3.90± 0.10 4.30± 0.20a
Staphylococcus aureus 5.83± 0.29mm 3.25± 0.07mm 3.45± 0.07mmb 4.25± 0.07mmb 4.60± 0.10mmb 4.75± 0.07b 4.90± 0.10a
Klebsiella pneumoniae 5.68± 0.59mm 3.00± 0.17mmb 3.10± 0.10 4.00± 0.10mmb 4.27± 0.06mm 4.70± 0.10 5.00± 0.06a
Values are mean± SD for five determinations aSignificantly (p< 0.05) higher compared to different concentrations on the same organism in each row.
bSignificantly (p< 0.05) higher compared to different concentrations on the same organism in each column.
Table 2: IC50 value of leaves of Barringtonia asiatica dichloromethane (DCM) crude extract.
Plant parts Crude extracts Calibration equation R2 IC50 (μg/mL) Log IC50
Leaves Control 23.14x+ 0.01485 0.9465 10.66 1.208DCM 6.889x+ 0.04826 0.7780 13.34 1.434
Table 3: Chemical composition identified in the essential oils of Barringtonia asiatica (leaves).
C Chemical composition ofBarringtonia asiatica leaves (BAL)
KIa (calculated
Kovat’s indices)




1 Ethyl valerate 900 900 — —
2 Decane 1000 1000 — —
3 Ethyl lactate 1100 1101 — —
4 (Z)-4-decenal 1200 1200 1002.53 0.05
5 Hexyl hexanoate 1378 1379 25435.05 1.19
6 (−)-c-elemene 1427 1425 3459.60 0.16
7 Geranyl butyrate 1550 1549 10003.04 0.5
8 Humulene oxide 1643 1642 56883.34 2.7
9 4-Propyl-guaiacol 1786 1798 301508.82 14.05
10 Uncineol 1833 1837 663429.72 30.9
11 Eicosane 1994 2000 588327.72 27.4
12 Eicosane 2001 2000 463144.41 21.6
13 Tetradecanol 2114 2116 13618.18 4.7
14 Acetovanillone 2291 2292 19294.70 0.9
Total identified compounds� 94.4; unidentified compounds� 5.6; total� 100.
4 Biochemistry Research International
multilayered structure of Gram-negative bacteria, which is
not present in Gram-positive bacteria [26, 27]. In this study,
our results showed that the extracts of the plant Barringtonia
asiatica from dichloromethane inhibited the growth of four
bacteria with increase in concentration, from 25 ppm to
1000 ppm. With the highest inhibition rate obtained at
1000 ppm, the inhibition growth rate for Salmonella
typhi at 25 ppm was 2.50± 0.10mm, Escherichia coli was
3.07± 0.06mm, Staphylococcus aureus was 3.25± 0.07mm,
and Klebsiella pneumoniae was 3.00± 0.10mm. ,e highest
inhibition was observed at 1000 ppm with 3.87± 0.06 for
Salmonella typhi, 4.30± 0.20 for Escherichia coli, 4.90± 0.10
for Staphylococcus aureus, and the highest of all the in-
hibition among the pathogen was obtained from Klebsiella
pneumonia with 5.00± 0.06, significantly when compared
to the test control tetracycline with inhibition rate 5.68±
0.59mm. ,us, it was observed that the crude extract is
active against Gram-negative as well as Gram-positive
bacteria.
It can therefore be indicated that the observed anti-
bacterial activity of the extracts against these bacteria
strains could be due to the presence of bioactive com-
pounds such as flavonoids, tannins, alkaloids, and poly-
phenol compounds which were reported to possess
antibacterial properties [28].
Studies have also indicated that medicinal plants are very
good sources of antioxidants and are reported to play a
significant role in the treatment of diseases globally [29].
Many of these plants have been indicated to possess high
antioxidant properties such as the reduction of DPPH
radicals, due to the presence of bioactive secondary me-
tabolites which are rich in antioxidants and free-radical
scavenging properties in the crude extract; this agrees
with the report of John Umaru et al. [29] of the antioxidant
and antibacterial potential of Barringtonia asiatica stem bark
to have IC50 of 10.54 μg/mL higher than the IC50 of the
standard ascorbic acid 10.28 μg/mL.
,us, the DPPH radical scavenging activity of the leaf
extract of the plant shows that the scavenging ability of
13.34 μg/mL was higher when compared with the control
ascorbic acid 10.66 μg/mL. ,is agrees with the report of
John Umaru et al. [29] in their studies on antioxidant po-
tentials. ,is might as well be due to the presence of
polyphenol compounds, especially the phenols that have the
ability to donate the hydrogen atoms in their hydroxyl
groups [30], which might have played a significant role in
eradicating the radical as well as giving the bioactive po-
tential of the leaf extract. ,e results of this present study
suggest that dichloromethane leaf extracts could be an ef-
fective herbal remedy for treatment of bacterial infections
and the essential oils resulting from the fresh leaf could be a
breakthrough for food and cosmetic industries.
5. Conclusion
,e result from the present study showed that Barringtonia
asiatica collected from Meranek river in Samarahan Sar-
awak constitutes of chemical components that reflect the
biological activities of the extracts. ,e plant exhibited
maximum antibacterial potential. ,us, the positive po-
tential effect seen in the microorganism could be as a
result of the composition of the phytochemicals from the
dichloromethane crude extract as well. ,ese compounds
have the most important applications against human
pathogens. ,e results of tests from various concentra-
tions and the presence of antioxidant component of the
leaf extract suggest that the leaves have some significant
inhibitory action against pathogens. It was also reported
in this study that the essential oil and its phytochemical
screening is a novel method since no research has been
carried out on it, and as such, deep studies about the ex-
traction techniques and analysis of the essential oil of
Sarawak Barringtonia species and antibacterial potential
are needed for its full understanding as it could be of
great importance to pharmaceutical, food, and cosmetics
industries.
Data Availability
,e data used to support the findings of this study are
available from the corresponding author upon request.
Conflicts of Interest
,e authors declare that they have no conflicts of interest.
Acknowledgments
,e authors acknowledge the contribution of colleagues and
the support from the Natural Product Laboratory FRST/
FSTS UNIMAS, 07(ZRC05/1238/2015(2).
References
[1] N. Jaradat, L. Adwan, S. K’aibni et al., “Variability of chemical
compositions and antimicrobial and antioxidant activities of
ruta chalepensis leaf essential oils from three Palestinian
regions,” BioMed Research International, vol. 2017, Article ID
2672689, 9 pages, 2017.
[2] S. F. Vuuren and A. M. Viljoen, “Antimicrobial activity of
limonene enantiomers and 1,8-cineole alone and in combi-
nation,” Flavour and Fragrance Journal, vol. 22, no. 6,
pp. 540–544, 2007.
[3] K. Lewis and F. M. Ausubel, “Prospects for plant-derived
antibacterials,” Nature Biotechnology, vol. 24, no. 12,
pp. 1504–1507, 2006.
[4] J. Heritage, F. H. M’Zali, D. Gascoyne-Binzi, and
P. M. Hawkey, “Evolution and spread of SHV extended-
spectrum β-lactamases in Gram-negative bacteria,” Journal
of Antimicrobial Chemotherapy, vol. 44, no. 3, pp. 309–318,
1999.
[5] D. I. Andersson and D. Hughes, “Antibiotic resistance and its
cost: is it possible to reverse resistance?,” Nature Reviews
Microbiology, vol. 8, no. 4, pp. 260–271, 2010.
[6] B. Panigrahy, L. C. Grumbles, D. Millar, S. A. Naqi, and
C. F. Hall, “Antibiotic-induced immunosuppression and
levamisole-induced immunopotentiation in turkeys,” Avian
Diseases, vol. 23, no. 2, pp. 401–408, 1979.
[7] M. Tsuruga, H. Nakajima, and J. Magae, “Immunosuppressive
activity of 4-O-methylascochlorin,” Journal of Antibiotics,
vol. 60, no. 1, pp. 20–26, 2007.
Biochemistry Research International 5
[8] K. F. Chah, C. A. Eze, C. E. Emuelosi, and C. O. Esimone,
“Antibacterial and wound healing properties of meth-
anolic extracts of some Nigerian medicinal plants,”
Journal of Ethnopharmacology, vol. 104, no. 1-2, pp. 164–
167, 2006.
[9] L. J. McGraw and J. N. Eloff, “Ethno veterinary use of
Southern African plants and scientific evaluation of their
medicinal properties,” Journal of Ethnopharmacology,
vol. 119, no. 3, pp. 559–574, 2008.
[10] V. Steenkamp, E. Mathivha, M. C. Gouws, and
C. E. J. van Rensburg, “Studies on antibacterial, antioxidant
and fibroblast growth stimulation of wound healing remedies
from South Africa,” Journal of Ethnopharmacology, vol. 95,
no. 2-3, pp. 353–357, 2004.
[11] C. Muthu, M. Ayyanar, N. Raja, and S. Ignacimuthu, “Me-
dicinal plants used by traditional healers in Kancheepuram
district of Tamil Nadu, India,” J Ethnobiology Ethnomed,
vol. 2, no. 1, p. 43, 2006.
[12] C. Agyare, A. S. Dwobeng, N. Agyepong, Y. D. Boakye,
K. B. Mensah, and P. G. Ayande, “Antimicrobial, antioxidant,
and wound healing properties of Kigelia africana (Lam.)
Beneth. and Strophanthus hispidus DC,” Advances in Phar-
macological Sciences, vol. 2013, Article ID 692613, 10 pages,
2013.
[13] M. ,iel and L. Gutow, “,e ecology of rafting in the marine
environment. I. the floating substrata,” in Oceanography and
Marine Biology: An Annual Review, pp. 181–264, vol. 42Alfred
Wegener Institute for Polar and Marine Research (AWI),
Bremerhaven, Germany, 2005.
[14] J. U. Isaac, A. B. Fasihuddin, B. A. Zaini, A. U. Hauwa, and
T. Dluya, “Antibacterial and cytotoxicity studies of Bar-
ringtonia asiatica,” Anatomy Physiology and Biochemistry
International Journal, vol. 5, no. 3, pp. 1–4, 2018.
[15] S. Jusoh, F. Ahmad, L. B. Din, and Z. Zakaria, “Essential oils
from different parts of Goniothalamus ridleyi plant,” Sains
Malaysiana, vol. 44, no. 11, pp. 1579–1585, 2015.
[16] B. A. Fasihuddin, N. K. N. M. Sallehuddin, and Z. Assim,
“Chemical constituents and antiviral study of Goniothalamus
velutinus,” Malaysian Journal of Fundamental and Applied
Sciences, vol. 6, no. 1, pp. 73–76, 2010.
[17] C. H. Tsou and S. A. Mori, “Seed coat anatomy and its re-
lationship to seed dispersal in subfamily Lecythidoideae of the
Lecythidaceae (the Brazil nut family),” Botanical Bulletin of
Academia Sinica, vol. 43, pp. 37–56, 2002.
[18] O. B. D. Costa, C. H. S. Del Menezzi, L. E. C. Benedito et al.,
“Essential oil constituents and yields from leaves of Ble-
pharocalyx salicifolius(Kunt) O. Berg andMyracrodruon
urundeuva(Allemão) collected during daytime,” International
Journal of Forestry Research, vol. 2014, Article ID 982576,
6 pages, 2014.
[19] A. Fouziah, Z. B. Assim, J. Ismail, and B. A. Fasihuddin,
“Chemical constituents of essential oils from resin and bark of
Agathis bornensis,” Borneo Journal of Resource Science and
Technology, vol. 2, no. 1, pp. 28–32, 2012.
[20] I. John Umaru, F. A. Badruddin, and H. A. Umaru, “Anti-
oxidant properties and antibacterial activities of Leptadenia
hastata leaves extracts on Staphylococcus aureus,” Drug
Designing and Intellectual Properties International Journal,
vol. 1, no. 5, pp. 1–5, 2018.
[21] C. S. Tailor and A. Goyal, “Antioxidant activity by DPPH
radical scavenging method of Ageratum conyzoides Linn.
leaves,” American Journal of Ethnomedicine, vol. 1, no. 4,
pp. 244–249, 2014.
[22] U. Isaac John and A. B. Fasihuddin, “Antioxidant and bi-
ological activities of leptadenia hastata ethyl Acetate roots
extracts,” Medicinal and Analytical Chemistry International
Journal, vol. 2, no. 1, pp. 1–5, 2018.
[23] B. Mahesh and S. Satish, “Antimicrobial activity of some
important medicinal plant against plant and human patho-
gens,” World Journal of Agricultural Sciences, vol. 4, 2008.
[24] J. Vandepitte, K. Engback, P. Piot, and C. C. Heuck, Basic
Microbiology Procedures in Clinical Bacteriology, World
Health Organization, Vol. 85, World Health Organization,
Geneva, Switzerland, 1995.
[25] P. Ram Kumar and J. Pranay, “Comparative studies on the
antimicrobial activity of black pepper (Piper nigrum) and
turmeric (Curcuma longa) extracts,” International Journal of
Applied Biology and Pharmaceutical Technology, vol. 1, no. 2,
pp. 491–501, 2010.
[26] T. J. Silhavy, D. Kahne, and S. Walker, “,e bacterial cell
envelope,” Cold Spring Harbor Perspectives in Biology, vol. 2,
no. 5, article a000414, 2010.
[27] S. O. Oyedemi, G. Bradley, and A. J. Afolayan, “In vitro and in
vivo antioxidant activities of aqueous extract of Strychonos
henningsii Gilg,” African Journal of Pharmacy and Pharma-
cology, vol. 4, pp. 70–78, 2010.
[28] G. Fouche, A. J. Afolayan, O. A. Wintola, T. E. Khorombi, and
J. Senabe, “Effect of the aqueous extract of the aerial parts of
Monsonia angustifolia E. Mey. Ex A. Rich., on the sexual
behaviour of male Wistar rats,” BMC Complementary and
Alternative Medicine, vol. 15, no. 1, p. 343, 2015.
[29] I. John Umaru, A. Fasihuddin Badruddin, O. O. Otitoju, and
A. U. Hauwa, “Phytochemical evaluation and antioxidant
properties of three medicinal plants extracts,” Medicinal and
Analytical Chemistry International Journal Phytochemical
Evaluation, vol. 2, no. 2, pp. 1–8, 2018.
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